E uropium , Silver, G erm anium
Introduction
In recent years, europium based intermetallics have attracted broad interest since they exhibit a large variety of unusual magnetic properties and/ or mixed valence phenomena. The series EuT2X2 (T = transition metal; X = Si, Ge) has been inten sively investigated in the past. Most of these com pounds are ordered antiferromagnetically with the europium atoms in the divalent state, while EuA u2Si2 [1] is ordered ferromagnetically. A de tailed review on the crystal structures and magnetic properties of such intermetallic compounds was published recently by Szytula and Leciejewicz [2] . The compounds are also very suitable for the inves tigation of valence fluctuation phenom ena because 1MEu is a M ößbauer nucleus. The isomer shifts differ significantly for E u2+ (<3IS = -10.6 mm/s) and Eu3+ (dIS = +0.6 mm/s). Interestingly, such M ößbauer investigations showed that the 4 / con figuration of the europium atoms in E uIr2Si2 [3] changes continuously from 4/ 6 2 at 4.2 K to 4/ 6-7 at 290 K.
In contrast to the 1:2:2 family, only little is known about the crystal structures and properties of the corresponding equiatomic intermetallics. During a systematic study of equiatomic rare earth metal-gold-germanides [4] [5] [6] we prepared EuA uG e [5] which crystallizes in a new, ordered version of the CeCu2 structure [7] . EuA uG e is a metallic conductor and is ordered ferrom agneti cally at 34 K. In the ternary systems europiumtransition metal-germanium only the equiatomic germanides EuNiGe [8] and EuPtGe [9] have been reported. We have now extended these in vestigations to include several systems with other transition metals. The preparation and crystal structure of EuA gG e is reported in the present paper.
Sample Preparation and Lattice Constants
Starting m aterials for the preparation of EuA gG e were ingots of europium (Johnson Matthey), silver wire (Degussa, 0 1.5 mm), and ger manium lumps (Wacker), all of which have a stated purity of >99.9%. The europium ingots were mechanically cut into small pieces in a dry box and kept under argon prior to the reactions. The elemental com ponents were mixed in the ideal atomic ratio and sealed in tantalum tubes un der an argon pressure of about 800 mbar. The ar gon was purified by molecular sieves, titanium sponge at 900 K and an oxisorb catalyst [10] . The tantalum tubes were subsequently sealed in quartz tubes to prevent oxidation, first heated for 2 d at 1320 K and then annealed at 1170 K for 10 d. The reaction resulted in a compact button which could easily be separated from the tantalum tube. Pow dery EuA gG e is light grey, stable in air, and quite brittle. Single crystals exhibit silvery metallic lustre.
The samples were characterized by Guinier powder diagrams using CuKaj radiation and 5 N silicon (a = 543.07 pm) as internal standard. The lattice constants (see Table I ) were obtained from least-squares fits of the powder data. To assure proper indexing, the observed patterns were com pared to a theoretical one [ 
Structure Refinement
The powder pattern of EuA gG e could be in dexed on the basis of an orthorhombic body-centered cell with the lattice constants as given in Table I . The pattern showed some resemblance with the CeCu2 [7] and TiNiSi [15] type structure, however, the powder data did not allow us to con clude whether or not EuAgGe adopts the CeCu2 or TiNiSi structure. Any superstructure reflections (h k l with h + k + l # 2n) which might occur for the ordered TiNiSi structure would be very weak and can easily be overlooked. Thus, an investigation on single crystals was desirable. These were iso lated from the annealed sample by mechanical fragmentation and examined by Buerger preces sion photographs in order to establish both their symmetry and suitability for intensity data collec tion. The diffraction patterns revealed the ortho rhombic Laue symmetry mmm, and the systematic extinctions (h k l only observed for h + k + l = 2 n, hkO only with h, k -2 n) led to the space groups Imma and Ima2, of which the centrosymmetric group Imma (No. 74) was found to be correct, co inciding with the CeCu2 structure.
Single-crystal intensity data were collected on a four-circle diffractometer (CAD 4) with graphite monochromatized A gK a radiation and a scintilla tion counter with pulse-height discrimination. In the first part of the m easurem ent all possible in tensity data inside the whole reciprocal sphere were collected up to 6 = 16°. An analysis of this data set showed no other reflections than those with h + k + l = 2n. The data collection was then continued only for these reflections. Experim ental details of the data collection and some results are listed in Table II .
The atomic param eters of PrPtG e [16] were taken as starting values and the structure was re fined with SHELXL-93 [17] using anisotropic dis placement param eters for all atoms. The 8 / 7 posi tion was refined with four Ag and four Ge atoms. In order to check for the correct composition, the occupancy ratio of this position was refined in a separate series of least-squares cycles. This refine ment resulted in an occupancy of Ag3 92(6)Ge4 08(6)-Thus, no significant deviation from the ideal com position was observed, and in the final cycles the 8h position was refined again with the ideal Ag4G e4 composition. A subsequent difference Fourier analysis revealed no significant residual peaks. Final atomic param eters and interatomic distances are listed in Tables III and IV.*   Table III . A tom ic coordinates and anisotropic displace m en t p aram eters (pm 2) for E uA gG e. U eq is defined as one third of the trace of the orthogonalized UV ) tensor. T he anisotropic displacem ent factor ex p o n en t takes (2) 229 (2) 97 (2) 13 (1) a M = 4 A g + 4G e. Table IV . Interatom ic distances (pm ) in the stru ctu re of E u A g G e. All distances sh o rter than 515 pm ( E u -E u . E u -M ) and 400 pm ( M -M ) are listed. S tan d ard dev ia tions are all equal or less than 0.1 pm. M d en o tes th at the A g and G e atom s statistically occupy the Cu posi tions of the C eC u2 type structure.
Discussion
E uA gG e is a new compound in the family of the equiatom ic europium transition metal germanides. In this family, the compounds EuNiGe (own type) [8] , EuCuGe (A1B2 derivative) [18] , E uPdG e (EuN iG e type) [19] , EuPtG e (LalrSi type) [9] , and EuAuGe (own type) [5] are known. The silver compound adopts the CeCu2 structure [7] with the europium atoms on the cerium posi tion and a statistical distribution of the silver and * F u rth e r crystal structure data may be o b tain ed from the F achinform ationszentrum K arlsruhe, D-76344 Eggenstein-L eopoldshafen, by quoting the registry n u m b e r C SD 58787. germanium atoms on the copper position. A pro jection of the EuA gG e structure is shown in Fig. 1 while a perspective view is presented in Fig. 2 . The structure of EuA gG e can also be described as being derived from binary EuA g2 (CeCu2 type) [12, 13] by replacing one half of the silver atoms by germanium atoms. Due to the smaller metallic radius of germanium (r(G e) for CN 12 = 136.9 pm [20] ) when com pared to silver (r(Ag) for CN 12 = 144.5 pm [20] ) the cell volume of EuA gG e is smaller than the cell volume of E uA g2 (see Table I ). Interestingly EuA gG a [14] also adopts the CeCu2 structure. Its cell volume lies between those of EuAg2 and EuAgGe (r(G a) for CN 12 = 141.1 pm [20] ). Recently, we reported on the crys tal structure of EuAuGe [5] which crystallizes in a new ordered version of the CeCu2 type. Although the metallic radius of silver is similar to that of gold (r(Au) for CN 12 = 144.2 pm [20] ), the cell volume of the silver compound is larger. This is certainly due to the disorder (Ag/Ge) in the struc ture of EuAgGe. Although no superstructure re flections, indicating an ordering between Ag and Ge, could be detected, we expect at least some short range order.
The europium atoms in EuA gG e form zig-zag chains running along the y axis at two different heights. The intrachain distances am ount to 375.3 pm while the interchain distances of 409.5 pm are somewhat longer. This is similar to EuAuGe with intrachain and interchain distances of 373.8 and 403.7 pm, respectively. In EuNiGe [8] the E u -E u distances range from 365.9 to 403.1 pm and from 363 to 421 pm in EuPdGe [19] .
Depending on the nature of the transition metal, the equiatomic europium transition metal germanides adopt different structure types, resulting in different crystal chemical environments for the europium atoms. Thus, one may expect to find sig nificant influences concerning the physical proper ties. A detailed investigation of the magnetic and electrical properties, as well as 1MEu M ößbauer m easurem ents are now in progress.
